The aim of this study was to analyze binding of chitosan and chitosan nanoparticles onto cellulose via oxidized cellulose.
INTRODUCTION
The demand for high-quality hygienic and medical textile products is increasing due the higher standard of living. Different methods of natural and regenerated cellulose material functionalization exist in order to achieve biologically-active effects. These are the oxidation processes, synthesis of antimicrobial cellulose, inclusion of metal nano particles into fibers such as silver, zinc, and copper, antimicrobial coating such as chitosan, benzophenone and addition of antimicrobial reagent into cellulose xanthate such as triclosan [1] . Most of these methods/reagents are controversial for humans and the environment due to inorganic salts, phenols and thiophenoles, antibiotics, and formaldehyde derivatives, which are used during production [2] [3] . Therefore, the increasing tendency of research is seen where the functionalization is performed by the use of non-toxic, biodegradable, and environmentallyfriendly reagents [4] [5] [6] .
These procedures include alternative and so far less used polysaccharides and their derivatives such as chitosan, which is a very interesting polysaccharide in the sense of fiber-forming polymer functionalization. It is a poly-cationic, renewable, and biodegradable polymer known for its wide-range of biological activities, including anti-microbial and antimycotic [7] . It also displays good bio-adhesive properties [8] [9] [10] [11] [12] .
The trend in the use of chitosan is oriented towards the direction of chitosan nanoparticle use due to relatively high-specific surface area resulting in high biological efficiencies of these compounds. In the case of chitosan and/or chitosan nanoparticles presented onto the surface of the fibers, irreversible binding is in the case of conventional application of (washable) textiles more appreciated due to more permanent efficiency (long-term action) at the fiber interface. This is only possible in the case when suitable functional groups are presented within the fiber structures as binding places for the amino groups of chitosan or chitosan nanoparticles. For example, it is extremely important for irreversible attachment to introduce carboxyl or aldehyde groups into/onto the fibers which are then potential binding places for efficient chitosan adsorption. In this way, http://www.jeffjournal.org Volume 10, Issue 2 -2015 with carboxylic groups electrostatic attraction is assured between cellulose fibers as host material and chitosan as adsorbent. The most appropriate treatments of cellulose fibers for permanent chitosan binding are those which introduce aldehyde groups. In this way chitosan is chemically attached onto cellulose, which was proved by Strnad et al [13] .
The aim of this research was focused towards the chemical modification of cellulose, more precisely to the oxidation process with the purpose of forming aldehyde and carboxylic groups, consequently representing binding sites for protonated amino groups of chitosan in the form of a solution, or in the form of nanoparticles presented afterwards onto the fiber surfaces. Among different oxidation procedures periodate oxidation, which resulting in opening of the pyranose ring and introduction of aldehydes at both C-2 and C-3 positions, was chosen mainly due to the significant advantages of periodates over other oxidizing agents, as they minimize degradation and retain the mechanical and morphological properties of the cellulose fibers. Furthermore, the resulting compound 2,3-dialdehyde cellulose can be used to immobilize proteins [14, 15] or amino polysaccharides [16, 17] by reaction with their amino functions, or as ion-exchange materials after further oxidation of the aldehydes to the corresponding carboxylic acids [18] . Although several publications exists on this topic [14] [15] [16] [17] [18] , there were no detailed studies regarding desorption of chitosan from cellulose or activated cellulose and the latest represent the innovative part of the research. In addition, to our knowledge, there was no comparison done between adsorption of chitosan nanoparticles via chitosan macromolecules onto cellulose viscose fibers. Even more, antimicrobial properties of viscose fibers functionalized by chitosan nanoparticles were not presented yet.
Thus, most important was to study the influence of formed oxidized groups on the stability of chitosan binding onto cellulose. Desorption of chitosan/chitosan nanoparticles from the fiber surfaces was evaluated by several techniques. In order to achieve permanent antimicrobial properties, as well as a satisfactory amount of anchoring sites in/on the fibers onto which chitosan could permanently bind at the same time, a satisfactory amount of free amino groups of chitosan, which are responsible for antimicrobial activity, is needed.
In this context, antimicrobial action against different pathogens' microorganisms, namely, Staphylococcus Aureus, Escherichia Coli and Candida Albicans was evaluated after samples being functionalized with chitosan/chitosan nanoparticles.
EXPERIMENTAL

Materials and Methods
Fibers Specification
Investigations were carried out on 100 % viscose fibers (Lenzing AG, Austria) of titer 2.8 dtex and length 30 mm. The fibers were then stirred gently in the absence of light, under room conditions for a designed time. Short oxidation time (20 min.) was selected on the base of our previous research [16, 19] with the aim to achieve the sufficient aldehyde group content mainly in the easy-to-access portion of viscose fibers. Short oxidation time is needed in order to prevent impact of periodate on the crystalline regions of cellulose, which means that only in this case huge molecules of chitosan /chitosan nanoparticles are able to access aldehyde groups of viscose. After oxidation was completed the cellulose samples were transferred onto filter paper and thoroughly rinsed with the use of icy cold distilled water through a Buchner funnel for the purpose of removing any oxidant. The oxidized cellulose samples were then dried for 72 h at a room temperature. The characteristics of the fibers are given in Table I .
Viscose Functionalization
Chitosan solution preparation:
Chitosan w/w = 0.5 % (Kitozyme, Belgium) of molecular weight: 8.2000 and degree of acetylation: 22.4 % was used. The calculated amount of chitosan in the form of powder was suspended into Milli-Q water (ultra-pure water), with added concentrated lactic acid (LaAC) to set a pH of 3.6. 24 hour of stirring at room temperature was needed to dissolve the chitosan completely i.e. to obtain a solution of chitosan.
Nano-particles of chitosan: Sodium tripolyphosphate (TPP) was used to prepare the chitosan nanoparticles. The nanoparticles were prepared in accordance with the known procedure of so-called ionic gelation [20] [21] [22] [23] . Polyelectrolyte polymers such as chitosan have the ability to form gel when polyvalent, and oppositely-charged ions like TPP are added into the solution. With this ionic interaction cross-linking occurs forming a http://www.jeffjournal.org Volume 10, Issue 2 -2015 polyelectrolyte complex in the form of nanoparticles [24] . Previously prepared solution of TPP of known concentration (1 mg/mL) was added to the chitosan solution (w/w = 0.5 %) in the volume ratio of 1:1. This formation was mixed afterwards for one hour by using a magnetic stirrer until chitosan nanoparticles formed spontaneously within the range of 200-300 nm, which was proved by scanning electron microscopy (SEM analysis) in previous work [24] .
Impregnation of cellulose fibers with chitosan and chitosan nanoparticles: A non-oxidized (A) and an oxidized sample (B) with characteristics collected in Table I were used for the cellulose fibers' functionalization. 
Viscose Functionalization with Chitosan
The sample of oxidized cellulose fibers (m = 2 g) was immersed into a prepared solution of chitosan or chitosan nanoparticles, respectively (V = 100 mL, pH = 5) for 30 min. Then, the sample of fibers was filtered through a funnel, and dried by using a laboratory oven at a temperature of 70 °C, and time of 30 minutes. An identical procedure was also used for cellulose non-oxidized fibers' functionalization. 
Analytical Methods
X-ray photoelectron spectroscopy XPS, (Atomic and elemental composition of fiber surface)
The spectra were recorded using the PHI model TFA XPS spectrometer. The atomic composition was measured after the chitosan treatment, and then compared to the elemental chemical composition of the non-treated material's surface. The base pressure in the XPS analysis chamber was about 6×10 -10 mbar and the samples were excited with X-rays over a specific 400 µm area using monochromatic Al K α1,2 radiations at 1486.6 eV. The photoelectrons were detected by a hemispherical analyzer, positioned at an angle of 45° with respect to the sample's surface. Energy resolution was about 0.6 eV. Spectra were recorded from three locations on each sample using an analysis area of 400 µm. Two repetitions for each sample were done. The surface elemental concentrations were calculated from the survey -scan spectra using the Multipak program.
Gravimetric Measurements of Sample Mass
The exact amount of fiber samples were dried in a weighing glass container at 120 °C for 4 hours, and afterwards cooled in a desiccator. All the samples were weighed for the purpose of comparing their weights with those of the untreated reference fibers. The final weight differences between the non-treated and treated samples showed a successful binding of the formulation onto the viscose fibers.
Desorption Procedure
Total Nitrogen Content (TN) 1 g of the fibers was treated for 4 hours in 50 mL of aqueous solution (pH = 3.6, adjusted by 0.1 M hydrochloric acid). The solution was filtered and the filtrate was subjected to TN measurements using the procedure described by Goyal et al. [25] in a Multi N/C 2100 S (Analytik Jena AG) instrument. The results were expressed as mmol of nitrogen per kilogram of sample.
Polyelectrolyte Titration (Desorbed Chitosan)
The analyte was composed from a filtrated solution (desorption bath) of 40 mL with addition of few drops of indicator Toluidine blue O (Sigma Aldrich) with the pH≈3.6 (adjusted by 0.1 M hydrochloric acid). A Mettler Toledo DL 53 titrator, with a 10 mL burette was used for the incremental addition of the polyelectrolyte titrant (PES-Na; c = 10 mM). The incremental additions of 25 μL were added every 3 -10 seconds. The absorbance was measured as a potential change in mV, using a Mettler Toledo Phototrode DP660 at a wavelength of 660 nm. The concentration of the protonated amino groups as a consequence of desorbed chitosan was determined from the equivalent volume of the added PES-Na solution, detected as the steep step in the absorbance vs V(PES-Na) titration curve, and by estimating a 1:1 binding stoichiometry of ethylenesulfonate to chitosan amino groups. Two replicates of polyelectrolyte titrations were performed for each sample. The example of polyelectrolyte titration curve is given in Figure 1 . 
Antimicrobial Activity
The antimicrobial properties of the functionalized viscose fibers were evaluated by a modified method of ASTM E2149-01, which is a quantitative antimicrobial test method performed under dynamic contact conditions. Gram-positive and Gram-negative bacteria (Table VII) , as well as fungi, were used as test organisms. The selected micro-organism presented a standard base of pathogen microorganism. An incubated test culture in a nutrient broth was diluted using a sterilized 0.3 mM phosphate buffer (KH 2 PO 4 ; pH = 6.8) in order to provide a final concentration of 1.5 -3.0·10 5 colonyforming units (CFU)/mL. This solution was used as a working bacterial dilution. Each sample (0.5 -2.0 g) was cut into small pieces (1 x 1 cm) and transferred to a 250 mL Erlenmeyer flask containing 50 mL of the working bacterial dilution. All the flasks were loosely capped, placed in the incubator, and shaken for 1 h at 37°C and 120 rpm using a Wrist Action incubator shaker. After a series of dilutions using the buffer solutions, 1 mL of the diluted solution was plated in nutrient agar. The inoculated plates were incubated at 37°C for 24 h and the surviving cells counted. The average values of the duplicates were, after multiplying by the dilution factor, converted into CFU/mL in the flasks. The antimicrobial activity was expressed as a R = % reduction of the organism after contact with the test specimen, compared to the number of bacterial cells surviving after contact with the control [26, 28] . Table III it is possible to conclude about the chemical composition of oxidized cellulose fibers' surface as well as those functionalized by chitosan. First, it can be seen that the percent of oxygen is maximal in the case of oxidized fibers which reflects the emergence of new aldehyde groups as clearly seen from the Table II . An increase of oxygen onto the surface of the sample B is not as significant. This is attributable to the fact that most of the oxidized groups are formed in the internal part of the fibers and not onto their surfaces. It is known that during oxidation relatively small ions of periodate penetrate into the interior of the cellulose, and oxidizes the glucose units of C2 and C3, so that most of the newly formed-CHO groups are located inside the fibers [7] . This may be proved by the fact that the number of aldehyde groups increases from 14.84 µmol/g to 193.60 µmol/g determined by potentiometric titration, as already discussed [14] and as it listed in Table I . Table III that the percent of carbon of all cellulose-chitosan functionalized samples increased, while the oxygen content of chitosan/chitosan nanoparticles treated samples is reduced minimally when compared to the reference (non-oxidized cellulose). The increase in percent of carbon indicates the successful adsorption of chitosan macromolecules onto the surface of cellulose fibers. The most important, results of atomic nitrogen concentrations indicate that chitosan is successfully bounded onto the surface of the fibers.
RESULTS
Adsorption
XPS From the
It is evident from the
It can be seen from the results that the concentration of nitrogen in percentage is approximately 2 x higher in the example of a sample C (oxidized cellulose + chitosan) if compared with the samples D (oxidized cellulose + chitosan nanoparticles), and E (nonoxidized cellulose + chitosan), respectively. Obviously, in the case of non-oxidized and oxidized cellulose strong electrostatic interactions are involved in binding mechanisms of chitosan due to anionic character of cellulose (carboxyl group content of both samples is about 47 µmol/g) and positively charged amino groups of chitosan (impregnation of cellulose fibers with chitosan was done at pH lower than its pKa ∼6.
3). http://www.jeffjournal.org Volume 10, Issue 2 -2015
Furthermore, in the case of oxidized cellulose chemical bounds between the amino and aldehyde groups could be established which is manifested into the most intensive adsorption (electrostatic attraction) of chitosan onto those oxidized fibers as already seen in [13] . Previously oxidized sample (C) express after chitosan binding almost double amount of nitrogen if compared to non-oxidized.
In the case of chitosan nanoparticles which are of size about 200 -300 nm, as pointed out in previous research in [24] , besides binding onto the surface of oxidized cellulose, penetration of nanoparticles into the interior of the fibers being expected as well. The latter cannot be detected with using the XPS technique since this analysis is limited to a relatively thin surface layer (approx. 10 nm). However, in the case of chitosan nanoparticles binding, the adsorption onto the surface is higher with non-oxidized cellulose fibers (sample F) in comparison with the oxidized one (sample D). Table IV shows masses of cellulose fibers before and after the adsorption of chitosan and chitosan nanoparticles, respectively.
Gravimetric Method
The mass of fibers is higher after, as prior treatment, due to chitosan/chitosan nanoparticles binding onto the surface, after the fibers have been functionalized. This is proof of successful binding. It can also be seen that the difference in masses is the highest for the case when chitosan from the solution was adsorbed onto the cellulose surface, when compared to the chitosan nanoparticles. Approximately the same quantity of chitosan from the solution is adsorbed onto oxidized, as well as on the non-oxidized cellulose fibers (samples C, and D), while in the case of chitosan nanoparticles, the adsorption is slightly higher for the oxidized cellulose fibers (sample E) than for non-oxidized.
When this method is compared to XPS the trend of results differs. This is due to different nature of techniques. XPS detect only limited surface amount of nitrogen as a consequence of chitosan binding, whilst the differences in masses are connected to the total amount of bounded chitosan in the inner as well as in the external fiber part. With the differences in masses one can detect chitosan macromolecules attached onto the fiber surface, surface bounded nanoparticles and those that may penetrate into fiber pores. The latest, as already mentioned, is out of the XPS detection. Table V shows the presence of total nitrogen (TN) within the desorption baths (8 h, slightly acidic pH, pH=5.9). Surprisingly nitrogen was detected in the desorption baths of reference as well as oxidized cellulose fibers. Obviously in both fibers, impurities in the form of a releasable low molecular fraction of nitrogen origin are presented. For the oxidized cellulose fibers which have been further functionalized with chitosan (C)/chitosan nanoparticles (D), a less amount of desorbed chitosan is detected within the bath, as in the case of nonoxidized cellulose fibers which have been further functionalized with chitosan (E)/chitosan nanoparticles (F). When comparing samples C and E (chitosan from solution was attached on the fiber surface), it can be seen that in the example of nonoxidized sample 2.5 x more of chitosan is released into the water bath. This trend is even more intense in the case of chitosan nano-particles. Table VI shows the mass of fibers before and after desorption. The results show a lower mass of the samples after desorption due to antimicrobial active compound release during desorption of the fibers within an aqueous medium. The greater amount of polymer (chitosan or, chitosan nano-particles) was desorbed in the case of non-oxidized fibers; the results being in the line with the results of polyelectrolyte titration, and TN, respectively. (Table II) , it can be concluded that aldehyde groups introduced after oxidation, which may be fully occupied (chemically bounded) by those 30 % of deprotonated amino groups, present an advantage regardless the stability of chitosan coating.
Desorption Total nitrogen (TN)
Gravimetric Method
Antimicrobial Testing
In accordance with the used standard the sample shows anti-microbial action if the reduction is greater than 75 %. 
CONCLUSION
With the use of XPS spectroscopy, TN, polyelectrolyte titrations, and gravimetric method, by which the results of functionalization by chitosan, and chitosan nano-particles were evaluated, it is confirmed the hypothesis that desorption of chitosan as well as chitosan nano-particles is negligible in the cases of oxidized samples when compared to nonoxidized ones.
Oxidized cellulose possesses functional groups which are suitable for the chemical binding of chitosan and chitosan nano-particles onto it and thus result into the fact that higher amount of chitosan is irreversibly bonded as in the case of non-oxidized sample. http://www.jeffjournal.org Volume 10, Issue 2 -2015 With the help of anti-microbial analysis, it was discovered that previous oxidation does not deteriorates the antimicrobial efficiencies of the functionalized fibers even due to the possible blocking of amino groups because of possible chemical binding.
The procedure used may have reveled several applications for antimicrobial textiles that prefer permanent active coating such as sport textiles, underwear, and socks.
